This report concerns the results in a series of children who have had a resection of small bowel for obstruction in the neonatal period. The recovery rate after this procedure has improved, particularly at special centres, but the presence of multiple abnormalities such as cardiovascular disorders and prematurity increases the risk of operation. The first few days of the post-operative period are often hazardous after complete obstruction from atresia (single or multiple), due largely to disparity in the size of the anastomosed bowel above and below the obstruction. The distended and hypertrophied proximal gut, sometimes containing viscid meconium, contrasts with the collapsed distal bowel which never having functioned is small in diameter. The excision of dilated bowel above the obstruction, advocated by Gross (1953) , Nixon (1955) and others, has helped the recovery of such cases, but where the whole of the proximal gut is distended in high jejunal obstruction, its excision is often not possible, and recovery of intestinal function may be greatly delayed.
Massive resections may be necessary in volvulus intestinalis neonatorum or mesenteric vascular thrombosis. Animal experiments (Flint, 1912) and studies after massive resections in adults (Haymond, 1935) indicate that at least half of the intestine can be removed with recovcry. Preservation of the ileum is more important than the jejunum for absorption in general (Kremen, Linner and Nelson, 1954; Benson, 1955) , and absorption of vitamin B12 in particular (Booth and Mollin, 1957; is dependent on the distal small bowel. After resection of a moderate length of bowel, dysfunction with intestinal hurry may persist for several weeks, but ultimately the bowel functions normally (Booth, Evans, Menzies and Street, 1959) . This recovery may be due to compensatory hypertrophy of intestinal villi, as shown in animal experiments (Flint, * A paper read at a meeting of the British Association of Paediatric Surgeons in London, September 1962. 1912). Kremen et al. (1954) have shown that preservation of the ileocaecal valve is essential in preventing severe intestinal hurry in animals that have lost most of their ileum. Where stagnation of the bowel contents occurs following enteroanastomosis, malabsorption, anaemia and other features of the 'blind loop' syndrome may be expected, due to vitamin and mineral deficiencies. The anaemia is usually of macrocytic and hyperchromic type. This alimentary dysfunction is attributed to abnormal growth of bacteria within the stagnant loop, extending to the proximal small intestine. It has been produced experimentally in animals (Badenoch, 1958; Card, 1959) . After resection of the intestine, therefore, the outcome depends not only on the amount and type of bowel remaining, but also on the function of the stoma at the site of the anastomosis. Short-circuiting by-pass procedure should be avoided and the risk of a stenotic junction lessened by modifications of technique, such as the use of single layer junction with interrupted absorbable sutures.
Small intestinal sequelae are often difficult to diagnose, but straight abdominal radiographs, and pictures taken after giving an opaque medium where indicated, may detect a persistent dilated loop of bowel. Conservative treatment with modification of diet and antibiotics is worth trying, but if it fails excision of the offending loop may be necessary.
In summary, babies who have had a short length of bowel resected can be expected to recover and develop well, whereas large resections may lead to malnutrition from malabsorption. This may show itself by retarded growth, signs of mineral and vitamin deficiencies or, if the lower ileum is missing, by specific defects such as macrocytic anaemia. Both at the beginning and at follow-up examinations, co-operation between the paediatric surgeon and physician is clearly essential in treating these cases, in order to detect alimentary sequelae and constitutional disturbances and so avoid retarded development whenever possible.
ARCHIVES OF DISEASE IN CHILDHOOD Present Study
Between 1953 and 1960 42 newborn babies were admitted to the Queen Elizabeth Hospital with small bowel obstruction; 18 patients required resection of the small bowel and the present study concerns only these. At the time of operation 16 were aged between 1 and 6 days; the other two were 12 and 28 days, the obstruction being complete in all except the last. Diagnosis of intestinal obstruction rested upon the clinical findings supported by the radiological appearances of the abdomen on a straight film taken erect. Before operation each patient was given an intravenous infusion to correct deficits of water and electrolytes from vomiting, from pooling of fluid in the gut proximal to the obstruction and from starvation. These infusions were continued to replace deficits during the period of post-operative ileus and to provide maintenance requirements of water, electrolytes and some calories as glucose, until oral feeding could be resumed. The plan for assessing the requirements for such treatment was based on clinical, laboratory and balance data described and discussed elsewhere (Young, McIntosh, Swain and Levin, 1959) . Table 1 shows the site, cause of obstruction and results in this series of 18 patients. Among the 13 infants surviving the post-operative period, three with meconium ileus had cystic fibrosis of the pancreas, and one with a jejuno-ileal septumwas a mongol. The birth weight of each exceeded 5 lb. (2-26 kg.) which may have contributed to recovery. Table 2 shows the findings in the five who died during the post-operative period. Two were premature infants weighing less than 4 lb. (1-81 kg.) at birth, one of whom was grossly dehydrated before operation at the age of 6 days, and the other required a massive resection. One of the others who weighed less than 5 lb. (2 26 kg.) at birth also had persistent ileus. In the remaining two obstruction was due to inspissated meconium which was not amenable to surgical treatment. Table 3 is a summary of the course in the 11 infants who survived. Three of those surviving the post-operative period underwent a second operation for closure of an ileostomy and two to overcome the initial obstruction, one of which then had the ileostomy closed at a third operation. One had a Ramstedt operation for hypertrophic pyloric stenosis at an older age, and another developed intestinal obstruction due to adhesions, at the age of 11 weeks, which was relieved by a further operation. (Tanner, 1958 four of the six who had not. The results (Table 4) show that only J.B. has persistent steatorrhoea. L.D.'s fat output was normal for the first time one year after resection of the blind loop.
Progress
Case Reports Case 1. A.D. This infant had intestinal hurry after a long resection of small gut. He had melaena, oedema of the abdominal wall and a palpable mass in the right iliac fossa on the day after birth. At operation, rotation of the mesentery was found to have caused gangrene (? infarction) of the small intestine. 67 cm. of jejunum and ileum were resected and an end-to-end anastomosis made. Fig. 2 illustrates the management of the malabsorption phase. Expressed breast milk was introduced as soon as bowel function had been restored, but the baby failed to thrive and at 3 weeks was e lb. (0-22 kg.) below his Expressed breast milk failed to maintain hydration and electrolyte balance during a phase of persistent diarrhoea, and he became emaciated and had severe hypochromic anaemia. Immediate treatment with intravenous infusions was given to restore the deficiencies. Since the chronic diarrhoea was regarded as secondary to the resection, intravenous fluids were followed by an easily assimilable diet, as expressed breast milk supplemented with casein hydrolysate and sodium and potassium salts, the amounts of the salts being increased until they were sufficient to offset the losses.
At 7 weeks the baby began to gain weight and three weeks later a half cream dried milk mixture was substituted gradually and the mineral supplements withdrawn, without relapse. He went home at 11 weeks.
Frequent stools and a tendency to anaemia continued, and there were two further short episodes of diarrhoea, but the child thrived and his weight reached the 3rd percentile at 8 months. Thereafter his stools were normal and he was given a free diet. His weight was nearing the 25th percentile at 1 year and was above the 75th percentile at 18 months. He was then attempting to walk and physical and mental development were normal.
Reassessment at 34 years shows that he is normal in every respect. His I.Q., which was tested because of a speech defect, is 90.
Case 2. J.B. This infant had malabsorption after a long resection of small gut. Fig. 3 (Table 5) showed steatorrhoea, and straight radiograph of the abdomen revealed dilatation of the ileum proximal to the anastomosis, but no obstruction. deterioration. The appetite is excellent, the patient being reported to eat more than her sister aged 7 years. She is probably compensating for losses in the stools by this high intake.
Cases 3 and 4. J.C. and J.L. These infants had a short resection and temporary failure to thrive associated with dilated jejunal loops.
J.C. At operation on the third day of life a complete jejunal septum and also ileal stenosis were found. 10 cm. ofjejunum and 15 cm. of ileum were resected, and an end-to-end jejuno-jejunal and ileo-ileal anastomosis made. Ileus persisted and intravenous fluids were given for 12 days. Oral feeding was then introduced, but the baby vomited and became dehydrated, again requiring intravenous administration of fluids. Subsequently expressed breast milk, later supplemented with casein hydrolysate and salt, was tolerated, but the weight remained below 5 lb. (2-26 kg.) until the fifth week. On radiological examination (Fig. 4) a persistently dilated loop of jejunum was found, and the haemoglobin fell to 64% and serum proteins to 5-39 g./l00 ml. Thereafter he began to gain weight and tolerated cow's milk mixtures; at the age of 3 months he was 8 lb. 6 oz. and was discharged from hospital. Unlike the other infants with sequelae, this baby's stools, although at first curdy, were never bulky and offensive. Apart from occasional vomiting with abdominal fullness in the beginning, he has continued to thrive and is symptom free at 34 years.
He is well grown and alimentary absorption is normal, except for some increase in the bulk of the stools. J.L. Intermittent vomiting delayed diagnosis until 4 weeks of age when obstruction was found to be due to an incomplete septum of the jejunum: 5 cm. were resected and an end-to-end anastomosis made.
Oral feeding with clear fluids was begun two days after operation and subsequently graded to expressed breast milk and a full cream cow's milk mixture, but this was not well tolerated, the baby vomiting and having loose motions with steatorrhoea. Radiological examination revealed a dilated loop of jejunum. Expressed breast milk was given and tolerated, but not half cream cow's milk introduced at 3 weeks of age, for the stools again deteriorated and the child's weight became stationary. After returning to expressed breast milk, now supplemented with casein hydrolysate, the baby thrived, but at 10 weeks a barium meal still showed a dilated loop. The baby weighed 12 lb. (5 44 kg.) at 4j months, and a change to a cow's milk mixture was then well tolerated. Iron supplements were given and the haemoglobin rose from 65-84%. Her weight reached 16 lb. 14 oz. (7-6 kg.) at discharge from hospital, aged 7 months, and 18 lb. 4j oz. (8-27 kg.) at 8 months.
She is said to be completely well, but has not been available for reassessment.
Case 5. L.D. This girl (older than the other cases) had malabsorption due to a 'blind loop'.
On the second day of life 20 cm. of the upper jejunum had been resected for volvulus and an end to end jejunojejunal anastomosis made, with satisfactory progress after operation, although the viability of areas of the ileum had been doubted (Fig. 5) . Malrotation of the intestine was also found at operation. Thereafter the patient remained symptom free and her growth was normal.
At 2 years, bouts of abdominal pain and vomiting occurred. After this she remained well until 4 to 5 years old, when she became tired and listless. A severe hypochromic anaemia (Hb 40% 6-1 g./100 ml.; colour index 0 66) was treated elsewhere with iron given orally and intramuscularly. The stools contained occult blood, but steatorrhoea was not demonstrated. A barium meal showed malrotation of the gut only. Since only the anaemia suggested malabsorption at this time and the child's condition was satisfactory, an operation was not advised.
At 5 years 10 months, while on holiday, the patient was admitted to hospital with signs of subacute intestinal obstruction. This episode was treated medically and recommendations made for investigation on return. In the interval she had recurring bouts of abdominal pain after meals and persistently offensive, bulky stools. At 6 years and I month, although the weight and height were both above the 50th percentile, malabsorption was shown by a daily output of fat of 7-2 g. on a 40 g. intake (Table 6) , and the stools contained occult blood. The haemoglobin was 60%; colour index 0 6, and the plasma proteins were 56 g./100 ml. Jejunal biopsy was normal.
A barium meal showed malrotation of the caecum and a dilated area of small bowel containing little barium (Fig. 6) .
At operation, a dilated U-shaped loop 30 cm. long, with stenosis due to adhesions, 60 cm. above the ileocaecal valve, was resected (Fig. 7) , many adhesions and bands divided, and an ileo-ileal anastomosis made. The sac probably developed from a portion of the ileum where the viability was doubted at the first operation. Recovery after operation was straightforward, but alimentary absorption was still poor five months later, although the child was well. After a further eight months, absorption of fat was normal, with slight increase in the bulk of the stools, but a history of vague abdominal pain, probably related to constipation was obtained. A restricted fat intake (about 40 g. daily) was given in hospital and the patient was symptom free.
Follow-up at 7 years and 10 months, one year and eight months after the second operation, revealed that she was well on a restricted fat intake and had gained 7 lb. (3-17 kg.) and grown 4 in. (10 16 cm.), being on the 70th percentile for weight and height.
At 8 years 4 months on an increased intake of fat of 81 g./day the fat output was 5 6 g./day with some increase in the bulk of the stools.
Discussion
In adults Haymond (1935) regards removal of at least one-third (more than 200 cm.) of the small bowel as a massive resection, liable to cause sequelae. According to Potts (1955) , the average length of the small intestine of the newborn infant is 308 cm., whereas Benson states that it measures 233 cm. in premature and 253 cm. in full-term infants. The loss of 80-100 cm. in an infant is therefore a massive resection by adult standards.
The immediate sequelae to a massive resection in adults and in experimental animals (Jackson, 1958; Pullan, 1959) , are due to intestinal hurry, causing profuse diarrhoea. This phase which is likely to continue for some weeks may be fatal unless special care is taken to replace the losses with water and electrolyte solutions given parenterally. The difficulty of maintaining nutrition must be greater in infants where provision for growth has to be made. In a later phase the adult patient may overcome his intestinal disability as long as the diet is suitable, (1952; 1957) in two, Clawson (1953) in one, and Benson (1955) in two cases. Each had had a side-to-side anastomosis of the small intestine, and was successfully treated by excision of the blind loop and restoration of bowel continuity by an end-to-end anastomosis. More recently Benson, Lloyd and Smith (1960) have reported six cases among 28 newborns who survived long enough after their original operation to develop the syndrome. In each case it followed a side-to-side or an end-to-end anastomosis, with or without resection of small bowel. Three improved with conservative treatment after long periods in hospital, two were cured after resection and end-to-end anastomosis, and one died.
The three patients in the present series who had a dilated loop above an end-to-end anastomosis causing alimentary dysfunction failed to thrive and developed hypochromic anaemia in the early months of life. The dysfunction persisted for only two to three months in J.C. and J.L., but steatorrhoea and abdominal distension have persisted with remissions until the age of 3 years in J.B., as already described. Another patient, L.D., who had had no serious complications in the early phase presented with steatorrhoea and anaemia years later, due to a 'blind loop' far below the site of the original anastomosis in a part of the gut that had been severely damaged by obstruction due to volvulus. She resembles adults with the 'blind loop' syndrome, but her anaemia, like that of the three infant patients, was microcytic and hypochromic on examination of the peripheral blood. Serum B12 levels and B12 absorption from the bowel were assayed in the two patients with late sequelae, since Girdwood (1962) has found that these estimations may detect vitamin B12 deficiency that is not apparent on peripheral blood examination. J.B. (Table 5) has a low serum B12 level of 140 [u,ug./ml. and subnormal B12 absorption suggesting that she should be given B12 parenterally, but L.D. (Table 6) has findings well within the normal range.
Treatment of alimentary dysfunction due to a dilated loop proximal to the anastomosis has been conservative, using easily assimilable low residue diets, supplied as human milk fortified with simple carbohydrates, casein hydrolysate, vitamins and mineral salts. When this food was tolerated and the infant began to thrive, homogenized meat and vegetables were added, and a low fat cow's milk mixture substituted. In our experience further surgical treatment can be delayed indefinitely and may never be necessary. In contrast, a 'blind loop' causing considerable disability in an older child, such as L.D., obviously requires excision.
Summary
The course of 18 infants following resection of 5-67 cm. of small intestine for obstruction during the neonatal period is described. Five died during the post-operative period and two from pulmonary infection, associated with cystic fibrosis of the pancreas, later. Eleven survivors have been followed to date.
The course of four was complicated soon after operation, one had intestinal hurry and three malabsorption due to a dilated loop above the anastomosis. Each has been treated conservatively and only one has persistent alimentary dysfunction. This child, J.B., now aged 3 years, has recurrent steatorrhoea, but her nutrition is good and she is symptom free.
One patient without early complications presented at 6 years of age with anaemia and alimentary symptoms from a 'blind loop'. This was resected with improvement.
The alimentary function and nutritional state of nine of the patients, between 3 and 8 years of age, have been reassessed. The findings were normal except in J.B., and in one patient with cystic fibrosis of the pancreas, who remains well on a suitable diet and pancreatin.
The two patients who are not available for reassessment, one of whom is a mongol, were last seen at 6 and 8 months of age and were well.
The long-term prognosis following resection of the small bowel during the neonatal period is good, judged by the results in this series of patients, and no worse after a long than a short resection.
